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Description 

This invention relates to a Ni based superalloy for single crystal suitable for use In components and products 
requiring high strength, toughness and corrosion resistance at high temperatures. 
5 Recently, in a power engine such as jet engine, gas turbine engine and the like, rt is necessary and indispensable 

to raise the temperature at the turbine inlet in order to improve the performance and efficiency of the engine, so that 
the development of turbine blade materials possible to be proof against such a high temperature has become an 
important subject. 

The main properties required for turbine blade materials are an excellent creep rupture strength and a toughness 
10 endurable in the centrifugal force at high temperatures, and an excellent corrosion resistance against an atmosphere 
of high temperature combustion ^s. At present day, a single crystal material of Ni based superall^ is regarded as 
being hopeful to satisfy the required properties, and is in a stage of practical application in part. 

The single crystal material of Ni based super alloy, unlike conventional cast alloy (equiaxed crystal ) and unidirec- 
tional-solidificated columnar crystal alloy, is possible to be subjected to a solution treatment at a temperature just below 
IS its solidus because It has no grain boundaries, and an homogeneous structure from which solidificational segregation 
is excluded perfectly can be obtained. Therefore it has a feature that both of the creep rupture strength and the tough- 
ness are remarkably high as compared with those of conventranal altoys. Also, the solution treatment at high temper- 
ature makes solution hardening elements possible to be added by large amounts into the alloy as compared with 
conventional altoys, so that the single crystal material of Ni based superalloy has a special merit that the creep rupture 
20 strength can be further increased by the addtion of a large amount of W or Ta acting effectively for solution hardening. 

Lately, developments of single crystal alloys having excellent properties as described above are being promoted 
strongly, and many alloys have been invented. 

Nevertheless, all of these altoys have been invented for the main purpose of Improvement on the creep rupture 
strength at high temperatures, and it is true that the corrosion resistance at high temperatures which is the another 
25 property required has not been particularly investigated. 

Namely, it is most effective to increase the Cr content for improving the corrosion resistance. However, as the Cr 
content Increases, the solubility limit of the element with high solution hardening tendency such as W or Ta decreases, 
which is made imposstole to increase the creep rupture strength. Thus the alloy of which the creep rupture strength is 
increased at the sacrifice of its corrosion resistance by decreasing the Cr content extremely has been devetoped, 
30 though the corrosion resistance at high temperature is not improved so sufficiently. 

The present invention aims to overcome the real problems of the prior art referred to above. 

The Ni based superaltoy for a single crystal according to this invention is characterized by consisting of, 6 to 15 
wl% of Cr. 5 to 1 2 wl% of W, 0.01 to 4 wt% of Re. 3 to 9 wt% of Ta, 0.5 to 2 wt% of Ti, 4 to 7 wt% of Al with the total 
amount of Ta, Ti and Al being 1 4 to 1 6% in atomic percentage ; and, optionally. 0.5-3.0 wt% of Mo with the total amount 
35 of W and Mo being not more than 4% in atomic percentage ; and the contents of C, B, Zr, O and N being limited to 
0.01 wt% maximum. 0.005 wt% maximum. 0.01 wt% maximum, 0.005 wt% maximum and 0.005 wt% maximum re- 
spectively; and the balance being Ni and inevitable impurities. 

Preferably, the Mdt value cateulated using the following equation is 0.980 to 0.990, the equation being:- 

40 

Mdt=1 . 1 42 X (atomic f ractton of Cr) + 1 .655 X (atomic 
fraction of W) + 1 550 X (atomic fraction of Mo) (only in . 
45 ^® case containing Mo) -i- 1 .267 x (atomto fraction of Re) 

+2.224 X (atomic fraction of Ta) + 2.271 x (atomic fraction 
of Ti) + 1 .900 X (atomic fraction of Al) + 0.71 7 x (atomic 

so 

f ractton of Ni). 

The present invention will now be described in greater detail by way of example only. 

The reason why limitations are made on the chemical compositon and other preferable conditions of the Ni based 
55 superalloy for single crystal according to this invention will be described below. 
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CriS-IS wl% 

Cr is an element effective to improve the corrosion resistance of albysa! higli temperatures, sucfi an effect appears 
remarkbly in the alloy with Cr content of 6 wt% or more. Although this effect becomes stronger with Cr content, the 
5 excess addition of Cr not only lowers the solubility limit but also deteriorates the high temperature strength by precip- 
itating the TCP phase that is an embrittled phase, so that it is necessary to define the upper limit as 1 5 wl%. 

W:5-12wt% 

10 w is soluble in the y- phase being matrix and in the y -phase being preciptated phase, and it is an element acting 

effectiveiy in enhanceing the creep strength by the solution hardening. In order to obtain such an effect sufficiently, the 
Cr content of not less than 5 wt% is necessary. However the addition of W increases the weight of alloy owing to its 
large density and degrades the corrosbn resistance of alloy at high temperatures. Also, when the content exceeds 12 
wt%, the needle-shaped a -W phase is precipitated and the creep strength and toughness are degraded, so thai it is 

IS necessary to define the upper limit as 12 wt%. 

Mo : 0.5-3.0wt% 

Because Mo has the same effect as is shown in W, a part of W can be replaced by Mo if necessary. Mo enhances 
20 the creep strength by raising the solvus temperature of the y -phase. In older to obtain such an effect sufficiently, the 
Mo content of not less than 0.5 wt% is required. And it is possible to make the alloy lighter since Mo has a small density 
as compared with W. tHowerer, Mo degrades the corrosion resistance of alloy, so that it is necessary to define the upper 
limit as 3.0 wt% in the case of addltk>n. 

25 W + Mo : not more than 4 % in atomic percentage 

Mo and W are soluble in the y -phase and show the same effect as mentioned above, however when the total 
amount of these elements exceed 4 atomic percent, the precipitatbn of a -W phase or a -W(r^) phase in needle- 
shape degrades the creep strength and toughness. Therefore it is necessary to define the upper limit of total amount 

30 as 4 atomic percent. 

Re:0.01-4wt% 

Re is almost soluble in the y -phase matrix, and enhances the creep strength by solution hardening, and also an 
35 effective element for improving the corrosion resistance of alloy In order to obtain such an effect sufficiently, the Re 
content not less than 0.01 wt% is required. However, Re is expensive and its addition increases the weight of alloy 
owing to the large density. Also, when the content exceeds 4 wt%, the needle-shaped a.-W phase or a -W(Mo) phase 
is precipitated and the creep strength and toughness are degraded, so that it is necessary to define the upper limit as 
4 wt%. 

40 

Ta : 3- 9 wt% 

Ta is soluble in they -phase In the form of [Ni3(AlJa)] , and strengthens the phase by solution hardening. Therefore 
the creep strength is enhanced. In order to obtain such an effect sufficiently, the content of not less than 3 wt% is 
^5 required, however when the content exceeds 9 wt%, the precipitation of 5-phase [NisTa] in needle-shape owing to 
saturation degrades the creep strength. Consequently, it is necessary to define the upper limit as 9 wt%. 

Ti : 0.5 -2wt% 

so Ti is soluble in the y -phase in the fomn of (Ni3(AI.Ta,Ti)] and strengthens the phase by solution hardening likewise 

Ta. but not so effective as Ta. Ti has rather the effect of improving the corrosion resistance of alloys at high temperatures, 
and so the content is defined as not less than 0.5 wt%. However the addition more than 2 wt% rather degrades the 
corrosion resistance so that it is necessary to define the upper limit as 2 wl%. 

ss Al : 4-7 wt% 

Al Is an element composing the y -phase [H\^A\] that is a precipitation hardening phase, it is necessary to define 
the content in the range from 4 to 7 wt% in order to precipitate the y-phase of not less than 60 % by volume percentage 
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in this alloy system. 

Ta + Tl + Al : 14 -16 atomic percent 

5 From the relationship between the creep rupture strength of the Ni based superalloy at high temperature and the 

volume percentage of precipitated y-phase, it is known that the maximum strength is obtained at the volume percentage 
of the y-phase ranging from 60to657o in poly-crystal alloys. In order to obtain such any-phase in alloy system according 
to this invention, it is necessary to limit the total amount of Ta. Ti and Al. which are y-phase forming elements, to the 
range from 14 to 16 atomic percent. Therefore the total amount of Ta. Ti and Al is defined as within 14-16 atomic 

10 percent. 

C : not more than 0.01 wt% 
B : not more than 0.005 wt% 

IS 

Zr : not more than 0.01 wt% 

These elements are used as grain- boundary strengthening elements in conventional cast alloys and unidirectional- 
solidificated columnar crystal alloys. However, such grain boundary strengthening elements are unnecessary in the 
20 single crystal, rather act as harmful elements for the following reasons, so that their addition is necessary to be restricted 
as follow. 

C fomns carbide (TiC. TaC etc.) and that is precipitated massively. Because the carbide, of which melting point is 
low as compared with that of alloy, causes local melting in the solutton treatment at a temperature just below the solidus 
of alloy, it is not possible to elevate the solution treatment temperature and so the temperature range of solution treal- 
25 ment for the single crystal is restricted. Therefore, the upper limit of C content is defined as 0.01 wt%. 

B forms boride [(Cr, Ni. Ti. Mo)^B2\ and that is precipitated at grain boundary. The boride. of which melting point 
is also low as compared with that of alloy likewise the carbWe. reduces the solution treatment temperature for the single 
crystal, and restricts the temperature range of solution treatment. Therefore, the upper limit of B content is defined as 
0.005 wt%. 

30 Zr reduces the solidus temperature of alloy and extends the solidification temperature range ( A T), so its presence 

is harmful to single-crystalgrowth. Therefore, the upper limit of Zr content is defined as 0.01 wt%. 

O : not more than 0.005 wt% 

3S N : not more than 0.005 wt% 

Both of these elements are mostly brougth with raw materials for the alloy. O is also brought from a crucible. These 
elements exist massively in the alloy as oxide (AI2O3) and nitride (TIN or AIN), If these compounds, exist in the altoy 
for single crystal, the creep rupture time decreases, because such compounds act as initiation points of cracking during 
40 the creep deformation. Thus the upper limit of both O and N contents are defined as 0.005 wt%. 

f^dt value: 0.980-0.990 

In the developed alloy where the y-phase is precipitated in the range of about 60 65 % by volume percentage , 
4S the 7/ y eutectic phase is precipitated between the dendrite arms owing to solidificatk)nal segregation during the casting 
of single crystal. In the single crystal alloy, such a y / y eutectic phase is dissolved perfectly by the solution treatment 
atatemperature just below thesolidus of the alloy, thereby the creep property at hightemperature is improved. However, 
when the y/y eutectic phase is precipitated abundantly owing to the balance of chemfcal composition, the y/y eutectic 
phase is never dissolved and retained even after the soution treatment at a temperature just below the solidus, and 
so so the creep strength is degraded. In this alloy system, the upper limit that precipitated y / y eutectic phase can be 
dissolved perfectly by solution treatment is expressed as 0.990 of Mdt value cateulated from the following equation. 
On the contrary, if Mdt value becomes smaller, the creep strength and toughtness are degraded, so that it is suitable 
to define the lower limit as 0.980. 

55 

Mdt = 1.142 X (atomic fraction of cr) + 1.655 X (atomic 
fraction of W) + 1 .550 X (atomic fraction of Mo) (only in 
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the case ccxitaming Mo) + 1 .267 X (atomic fraction of Re) 
+ 2.224 X (atomic fraciton Of Ta) +2.271 X ( atomic 
fraction of Ti) + 1 .900 X (atomic fraction of Al) + 0.717 
X (atomic fraction of Ni) 

Example 

In Table 1 , chemical compositions of example alloys according to this invention (No.1 ~ 5) and comparative ex- 
ample alloys (No.6,7) are shown. In the table, the comparative alby No.7 has already been put to practical use. and 
the comparative alloy N6.6 is under investigation for practical applications. 

Respective alloys were melted in a small-sized vacuum induction furnace using a refractory crucible with a capacity 
of 5 Kg, and shaped into an ingot of 60mm in diameter and 200mm in length. 

Casting of a single crystal was carried out according to Bridgman-method by cutting the ingot to a rod of 12.5mm 
in diameter and 120mm in length, and growing in a recrystallized alumina crucible with a sharpened tip, which main- 
taining at ISSO^'C in an atmosphere of purified argon gas. 

Casted single crystal specimen was subjected to a two-step aging treatment at 1050**C for 16hours and at 850 
for 48hours and then air cooling after a solution treatment at 1320°C for 5hours. 

Then a creep test specimen of 3.18mm thickness and 30mm length at a parallel portion, and a high temperature 
corrosion test specimen of 10mm length, 5mm width and 1mm thickess were cut out from heat4reated single crystals 
by machining. 

A creep rupture test was carried out under the condition of testing temperature of 1050*C and applied stress of 
14Kgf/mm2 

Furthermore, a high temperature corrosion test was carried out holding the specimen coated with a mixed salt of 
Na2S04-25%NaCI by an amount of 20mg/cm2 in flowing air (SOml/min) at 900'C for 24hours. and then an increase in 
weight of the specimen (corrosion gain) was measured. 

These results are also shown in Table 1, 
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As apparantty from the results shown in Table 1 , it is evident that the corrosion gain is very small and the creep 
rupture time is excellent in all the cases of example alloys No.1-5 obtainded In this invention, and it has been certified 
that the invented alloys are remarkably improved in the corrosion resistance at high temperatures without sacrificing 
the high temperature creep rupture time. 

s On the contrary, comparative alloy No.6 being outside the range ot chemical composition of the alloy according to 

this invention is inferior in the corrosion resistance at high temperature nevertheless it is satisfactory in the creep n9)ture 
time, and comparative alloy No.7 is Inferior in both the creep rupture time and the corrosion resistance. 

As mentioned above, the Ni based superalloy for single crystal according to this invention consists of, 6 to 15 wt% 
of Cr. 5 to 1 2 wt7o of W. 0.01 to 4 wt% of Re, 3 to 9 wt% of Ta. 0.5 to 2 wt% of Ti. 4 to 7 wt% of Al with the total amount 

10 of Ta. Ti and Al being 1 4 to 1 6% in atomic percentage: and if necessary 0.5 to 3.0 wt% of Mo with the total amount of 
W and Mo being not more than 4% in atomic percentage; and the contents of C. B, Zr, O and N are limited to 0.01 wt% 
maximum, 0.005 wt% maximum, 0.01 wt% maximum. 0.005 wt% maximum and 0.005 wt% maximum respectively; 
and the balance being Ni and inevitable impurities; and the Mdt value calculated using a prescribed equatbn is 0.980 
to 0.990 in the preferred aspect of this invention, so that it is possible to improve the corrosion resistance at high 

IS temperature without sacrificing the creep rupture strength at high temperature, and this invention brings a very excellent 
effect that the alloy is applicable to the case of elevating the temperature at the turbine inlet in order to improve the 
perfornnance and efficiency of the engine such as jet engine, gas turbine engine and the like. 

The preferred embodiments of the present inventbn can provide a Ni based superalby for single crystal which is 
improved the corrosion resistance at high temperatures without sacrificing the creep rupture strength at high temper* 

20 atures. 

Although the letters Mdt do not have a meaning especially, the Mdt value has been found experimentally by the 
inventors to be a very convenient parameter for estirifiating whether or not a precipitated eutectic phase in the alloy 
can be dissolved by solution treatment, and for discriminating whether or not the creep strength and the toughness of 
the alloy are degraded from a viewpoint of the chemical composition of the alloy. 

25 



Claims 



1. A Ni based superalloy for a single crystal consisting of 6 to 15 wt %of Cr, 5to 12 wt %of W, 0.01 to4 wt%of Re, 
30 3 to 9 wt% of Ta. 0.5 to 2 wt% of Ti, 4 to 7 wt% of Al with the total amount of Ta, Ti and Al being 14 to 16 % in 

atomic percentage; and the contents of C.B.Zr.O and N being limited to 0.01 wt% maximum, 0.005 wt% maximum, 
0.01 wt% maximum, 0.005 wt% maximum and 0.005 wt % maximum respectively; and the balance being Ni and 
inevitable impurities. 

3S 2. A Ni based superalloy for single crystal according to claim 1 . wherein the Mdt value calculated using the foltowing 
equation is 0.980 to 0.990. 



40 



Mdt = 1.1 42 X (atomic fraction of Cr) + 1,655 X (atomic 
fraction of W) + 1 .267 x (atomic fraction of Re) + 2.224 
(atomic fraction of Ta) -i- 2.271 x (atomic fraction of 
45 Ti) +1 .900 X (atomic fraction of Al) + 0.71 7 X (atomic 



fraction of Ni) 

3. A Ni based superaltoy for a single crystal consisting of 6 to 1 5 wt% of Cr ,5 to 1 2 wt% of W. 0.5 to 3.0 wt% Mo with 
so the total amount of W and Mo being not more than 4% by atomic percentage; and 0.01 to 4 wt% of Re. 3 to 9 wt% 

of Ta. 0.5 to 2 wt% of Ti, 4 to 7 wt% of Al with the total amount of Ta. Ti and Al being 1 4 to 1 6% In atomic percentage ; 
and the contents of 0. B. Zr, O and N being limited to 0.01 wt % maximum. 0.005 wt% maximum. 0.01 wt% 
maximum. 0.005 wt% maximum and 0.005 wt % maximum respectively ; and the balance being NI and inevitable 
impurities. 

55 

4. A Ni based superalloy for single crystal according to claim 3. wherein the Mdt value calculated using the foltowing 
equation is 0.980 to 0.990. 
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M(fl= 1.142 (atomic fraction of Cr) + 1.655 x (atomic 
fraction of W ) + 1 .550 x (atomic fraction of Mo) + 1 .267 x 

5 

(atomic fraction of Re) + 2.224 x (atomic fraction of Ta) 
+ 2.271 X (atomic fraction of Ti )-«-1.900 x (atomic 
yo fraction of Al) + 0.71 7 X (atomic fraction of Ni) 

Patentanspruche 

IS 1. Superlegierung auf Nickeibasis fur einen Einkristall, bestehend aus 6 bis 1 5 Gew.-% Cr, 5 bis 12 Gew.-% W, 0,01 
bis 4 Gew.-% Re. 3 bis 9 Gewt-% Ta. 0,5 bis 2 Gew.-% TI. 4 bis 7 Gew.-% Al! wobei die Gesamtmenge von Va'. Ti 
und AI14 bis 16 Atom-% betiagt und die Geharte an C, B, Zr, O und N jeweils auf 0,01 Gew.-% maximal, 0,005 
Gew.-% maximal bzw, 0.005 Gew.-% maximal eingeschrankt sind undder Rest aus Ni und unvermeidlichen Ver- 
unrelnigungen besteht. 

20 

2, Superlegierung auf Nickelbasis fur einen Einkristall nach Anspruch 1, be! welcher der nach der folgenden Glei- 
chung berechnete Mdt-Wert 0.960 bis 0,990 betragt. 

Mdt = 1 , 142 X (atomarer Ante! von Cr) + 1 ,655 x (atomarer Anteil von W) + 1 ,267 x (atomarer Anteil von Re) + 
2.224 X (atonriarer Anteil von Ta) + 2,271 x (atomarer 
Anleil von Ti) + 1 ,900 x (atomarer Anteil von Ai) +0,717 
X (atomarer Anteil von Ni). 



30 



3. Superlegiemng auf Nickelbasis fur einen Einkristall. welche besteht aus 6 bis 15 Gew.-% Cr. 5 bis 12 Gew.-% W, 
0.5 bis 3,0 Gew.-% Mo. wobei die Gesamtmenge an W und Mo nicht mehr als 4 Atom-7o betragt. sowie aus 0.01 
35 bis 4 Gew.-% Re. 3 bis 9 Gew.-% Ta, 0,5 bis 2 Gew.-% Ti, 4 bis 7 Gew.-% Al, wobei die Gesamtmenge an Ta, Ti 

und Al 14 bis 16 Atom-7o betragt und die Gehatte an C. B. Zr, O und N jeweils auf 0,01 Gew.-7o maxirnal, 0,005 
Gew.-7o maximal, 0.01 Gew.-% maximal, 0,005 Gew.-% maximal bzw. 0,005 Gew.-% maximal eingeschrankt sind 
und der Rest aus Ni und unvermeidlichen Verunreinigungen besteht. 

40 4. Superlegierung auf Nickelbasis fur einen Einkristall nach Anspruch 3. bei welcher der unter Venwendung der fol- 
genden Gleichung berechnete Mdt-Wert 0.980 bis 0.990 betragt. 



45 



Mdl = 1,142 X (atomarer Anteil von Cr) + 1.655 x atomarer 
Anteil von W) + 1 ,550 x (atomarer Anteil von Mo) + 1 ,267 
x (atomarer Anteil von Re) + 2.224 x (atonnarer Anteil von 
so ^'^^^ ^ (atomarer AnteS von Ti) + 1 .900 x (atomarer Anteil von Al) + 0,71 7 x (atomarer Anteil von Ni). 



Revendlcatlons 

55 1 . Superalliage k base de Ni pour un monocristal. caract6ris6 par 6 ^ 1 8 % en poids de Cr, 5 ^ 1 2 % en poids de W, 
0.01 ^ 4 % en poids de Re. 3 ^ 9 % en poids de Ta. 0.5 ^ 2 % en poids de Ti, 4 ^ 7 % en poids d'AI, la quantit6 
totale de Ta, Ti et Al 6tant de 14 A 16 % en pourcentage atomkjue et lesteneurs de C. B, Zr, O et N 6tant limit^es 
d 0.01 % en poids maximum, 0.005 % en poids maximum, 0.01 % en poids maximum, 0.005 % en poids maximum 
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et 0.005 % en poids maximum respectivement, et le complement 6tant Ni et les impuret^s inevitables. 

Superalliage k base de Ni pour un monocristal selon la revendlcation 1 , caracterise par la valeur Mdt de 0.9B0 k 
0.990 calcul§e en utilisant {'equation suivante : 

Mdt = 1 .142 X (fraction atomlque de Cr) 
+ 1 .655 X (fraction atomique de W) 
+ 1 .267 X (fraction atomique de Re) — 
+ 2.224 X (fraction atomique de Ta) 
+ 2.271 X (fraction atomique de Ti) 
+ 1 .900 X (fraction atomique de Al) 
+ 0.71 7 X (fraction atomique de Ni). 

Superalliage k base de Ni pour un monocristal. caract6ris6 par 6 15 % en poids de Cr, 5 ^ 12 % en poids de W, 
0.5 k 3.0 % en poids de Mo, la quantity totale de W et Mo ne depassant pas 4 % en pourcentage atomique, et 
0.01 ^ 4 % en poids de Re, 3 ^ 9 % en poids de Ta, 0.5 ^ 2 % en poids de Tl, 4 d 7 % en poids de Al, la quantity 
totale de Ta, Ti et Al etant de 14 ^ 16 % en pourcentage atomique, et les teneurs en C, B, Zr, O et N etant Iimit6es 
a 0.01 % en poids maximum, 0.005 % en poids maximum, 0.01 % eh poids maximum, 0.005 % en poids maximum 
et 0.005 % en poids maximum respectivement, et le complement dtant Ni et les inevitables impuret6s. 

Superalliage k base de Ni pour un monocristal selon la revendication 3, caracterise par ta valeur Mdt de 0.960 k 
0.990, calcuiee en utilisant i'equation suivante : 

Mdt = 1 .142 X (fraction atomique de Cr) 
+ 1 .655 X (fraction atomique de W) 
+ 1 .550 X (fraction atomique de Mo) 
+ 1 .267 X (fraction atomique de Re) 
+ 2.224 X (fraction atomique de Ta) 
+ 2.271 X (fraction atomique de Ti) 
+ 1 .900 X (fraction atomique de Al) 



+ 0.71 7 X (fraction atomique de Ni). 
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